To estimate the exciton density excited by different lasers, a rate equation was used:
S2. Exciton density dependent photoluminescence circular polarization
The circular polarization of monolayer WSe2 was examined with optical pumping at 1.77 eV with picosecond laser excitation first. A typical result of the exciton density dependent circular polarization degree by increasing the excitation power density of the picosecond laser, as described in the main text, is presented in Fig. S2 . A clear peak of the circular polarization degree is seen at ~5×10 13 cm -2 with increasing exciton density measured at 70 K. Note that the different circular polarization degree presented in Fig.   5 and Fig. S2 is due to the different flakes we used in the experiment. As mentioned in the main text, monolayer flakes tend to be damaged at high excitation laser intensity, thus the absolute circular polarization degrees slightly varies from piece to piece when examining different flakes. 
Circular Polarization
Exciton Density (cm -2 ) Fig. S2 . The PL circular polarization degree as a function of the injected exciton density, excited by the picosecond laser only at 70 K and pumping energy of 1.77 eV.
